To evaluate the effect of aging on asphalt self-healing performance, repeated shear tests on 70 # matrix asphalt and SBS modified asphalt aged through delayed rotating thin film oven test (RTFOT) are carried out under the stress control mode through dynamic shear rheological test (DSR). Intervals are drawn into the loading progress to make the self-healing phenomenon appear. The complex shear modulus of different ageing asphalt before and after healing is analyzed. The change ratio of complex shear modulus before and after healing (HI 1 ) and the ratio of complex modulus before and after loading (HI 2 ) are defined as selfhealing index of asphalt. These parameters are used to evaluate the self-healing property of asphalt. The results show that: the complex shear modulus of damaged asphalt can recover after self-healing thus the fatigue life is prolonged. The deeper the aging, the lower the self-healing ability of asphalt .The decrease rate of self-healing index with aging degree of 70 # matrix asphalt is greater than that of SBS modified asphalt. Compared with HI 2 , it is more reasonable to evaluate the self-healing property by HI 1 .
INTRODUCTION
Fatigue cracking has become one of the most destructive forms of asphalt pavement. The cracked asphalt mixture can repair itself in specific environment, which is called the self-healing phenomenon. It was first proposed by Bazin in 1967 [1] , and widely recognized by scholars. The healing mechanism and influence factors of asphalt materials were studied in paper [2, 3] : when the interface between the cracks of the asphalt material contact, the asphalt molecules will diffuse until the crack completely closes. The healing performance of the asphalt depends on the surface energy of the material and the ability of the molecules to diffuse between the crack interfaces. Bommavaram [4] and Qiu [5, 6] explored the self-healing characteristics of asphalt by extruding two asphalt samples placed on the upper and lower parallel plates with dynamic shear rheometer. Garcia [7] deemed that the crack healing of asphalt mixture is mainly caused by the capillary flow between cracks. Tan [8] explored the self-healing property of asphalt mortar. Shen [9] studied the fracture healing property of asphalt. The self-healing index is defined as the recovery of mechanical properties, such as dynamic shear modulus or fatigue life. The temperature and rest period are key factors affecting the self-healing performance of asphalt binder [7, 10, 11] . Lv indicated that healing temperature is more significant than healing time for self-healing performance of asphalt binder [12] . The self-healing potential of asphalt binder also differs between virgin asphalt, modified asphalt and ageing asphalt [13] . It is an effective way to prolong the service life applying the self-healing property of asphalt mixture to reduce the damage of asphalt pavement. At the same time, this is an advanced concept advocated in the preventive maintenance of asphalt pavement both at home and abroad.
Asphalt is bound to age in practical application, the anti-aging performance of asphalt is the main factor affecting the long-term service of asphalt pavement. At present, there is little research on the influence of aging on the fatigue crack healing performance of asphalt or asphalt mixture in china. The analysis of asphalt evaluation index for fatigue, establishment of fatigue prediction model, assessment of asphalt healing property are mostly based on asphalt without ageing. In view of this, a DSR Time-sweep test on 70 # matrix asphalt and SBS modified asphalt aged through delayed rotating thin film oven test (RTFOT) are carried out under the stress control mode in this paper. The self-healing index is defined by the change of complex shear modulus before and after healing. The self-healing property of aged asphalt is evaluated, and the influence of aging on the self-healing property of asphalt is analyzed. This paper may provide some reference for the study of selfhealing property of aging asphalt mixture.
MATERIALS AND TEST METHODS

Materials
The Sinopec 70# asphalt and SBS modified asphalt are chosen and the conventional indexes of asphalt test result are shown in table 1 and table 2 . As is shown, all the indexes can meet the requirements of the code. 
Asphalt Aging Method
Rotating thin film oven heating test (RTFOT) can be used to simulate the shortterm aging process of asphalt pavement, and the control of test conditions can be pretty accurate. This is a common method to evaluate the aging characteristics of asphalt. In this study, 70# matrix asphalt and SBS modified asphalt are aged through the delayed RTFOT, and the aging time was 0min, 85min and 255min respectively. For comparison, the aging temperature of the two asphalts is the same--163 degrees.
Loading Test Method
Repeated shear tests are carried out under the stress control mode with a dynamic shear rheometer (DSR, AR1500EX) developed by TA, USA. The stress is 0.10MPa, the parallel plate clamp diameter is 8mm and the distance is 2mm, the loading frequency is 10Hz and the test temperature is 25 ℃. Fatigue failure of asphalt under moderate temperature is simulated.
Self-healing Method
To study the self-healing performance of asphalt with certain fatigue degrees, intervals of 5h are introduced into the loading process. The complex shear modulus (G * ) corresponding to the 100th cyclic loading is defined as the initial complex shear modulus (G * ). Stop loading when G * drops to 20%G * , and self-healing of the damaged asphalt occurs during the intermission. Second repeated shear tests are carried out on the asphalt samples which reaches the healing condition, and the loading conditions and stopping conditions are the same as the first loading test. The change of complex shear modulus before and after healing is recorded to evaluate the self-healing property of the asphalt. Formulas are shown as (1) and (3).
HI1, HI2--Self-healing index; D1--Change rate of complex shear modulus before healing； D2--Change rate of complex shear modulus after healing； G * --Initial complex shear modulus corresponding to the 100th cyclic load； G * --Complex shear modulus at the end of loading，G * =20%G * ； N--Loading times corresponding to the time when complex shear modulus reduces to 20%G * ； i--1 and 2 means before and after healing, respectively.
RESULTS AND DISCUSSION
Variation Law of Complex Shear Modulus ( *
)
Complex shear modulus ( * ) indicates the ability of asphalt to resist shear deformation in the process of repeated loading. It consists of two parts: elastic and viscous. The relative relationship between viscosity and elastic energy is expressed by phase angle δ. The higher the complex shear modulus is, the stronger the resistance of asphalt to shear deformation is. Through the relationship between the complex shear modulus and the number of loading times, the development law of asphalt fatigue failure can be obtained. Figure 1 and figure 2 show the change of * with the loading times (N) for 70 # matrix asphalt and SBS modified asphalt with different ageing level ( * -N curve) when the stress is 0.10MPa. It can be seen from figure 1 and figure 2 , for the same kind of asphalt, the complex shear modulus before and after healing has the same trend. The complex shear modulus can restore to the initial value, so that the asphalt can continue to bear the load and the fatigue life of asphalt can be prolonged. The elongation rate is related to the aging degree of asphalt, and it decreases with the increase of aging degree. For example, the load times of 70 # -0min and 70 # -85min asphalt after healing increases by nearly 1 times, but the load times of 70 # -255min asphalt after healing only increases by 10% compared with that before healing. After 0min, 85min and 255min aging, the loading times of SBS asphalt are increased by 70%, 50% and 20% respectively, compared with that before healing.
The decline rate of complex shear modulus after healing is significantly higher than that before healing. It indicates that although the complex shear modulus can restore to the initial value, the strength of the asphalt does not recover completely. Comparing the change of complex shear modulus of different aging degree of the same asphalt, it can be found that the greater the aging degree is, the more times can asphalt bear the load when reaching the same damage degree.
Self-healing Performance
Calculate the self-healing index of different ageing asphalt according to the result of repeated shear test. The result is shown as figure 3 .
As can be known from figure 3, ageing has a great influence on self-healing property of asphalt. The greater the aging degree, the smaller the self-healing rate of 70# matrix asphalt and SBS modified asphalt under the same healing index, and the decrease rate of 70# matrix asphalt is greater than that of SBS modified asphalt. For example, HI1 of 70#-0min asphalt is 88.76%, and after 85min and 255min aging, the HI1 decreases to 66.33% and 9.02% and HI1 of SBS modified asphalt after 0min, 85min and 255min RTFOT aging are 51.56%, 40.75% and 21.07%, respectively. Different healing indexes characterize the different aspect of self-healing properties of asphalt.HI2is the rate of complex shear modulus before and after healing. The complex shear modulus represents the shear deformation resistance of asphalt, which is a physical index to characterize asphalt performance. HI2 is approximately equal to 1.0, which only indicates that the complex shear modulus of the restored asphalt can restore to the initial value, but does not mean that the strength of the asphalt is completely restored after healing. HI1 is the change rate of complex shear modulus. Using HI1 to characterize the healing performance of asphalt takes the effects of initial complex shear modulus, complex shear modulus at the end of loading progress and load times into account at the same time, and the restoring degree of complex shear modulus and the bearing capacity are also considered. Comparing withHI2, it is more reasonable to evaluate the self-healing property of asphalt by HI1.
CONCLUSIONS
（1）The performance of asphalt can restore in some degree after healing in intermissions and the complex shear modulus can restore to the initial value, thereby the shear fatigue life of asphalt is prolonged.
（2）The greater the aging degree is, the more times can asphalt bear the load when reaching the same damage degree, and the faster the complex shear modulus of asphalt after healing decreases. The self-healing ability of asphalt is inversely proportional to aging degree. Effect of ageing on self-healing properties of 70 # matrix asphalt is greater than that of SBS modified asphalt.
（3）Comparing with HI
2
, it is more reasonable to evaluate the self-healing property of asphalt by HI 1 .
HI
2 is approximately equal to 1.0, which only indicates that the complex shear modulus of the restored asphalt can restore to the initial value, but does not mean that the strength of the asphalt is completely restored after healing. Using HI 1 to characterize the healing performance of asphalt takes the effects of initial complex shear modulus, complex shear modulus at the end of loading progress and loading times into account at the same time, and the restoring degree of complex shear modulus and the bearing capacity are also considered.
（4）The effect of aging under stress control mode on the healing property of two kinds of asphalt are studied in this paper, while influence factors such as different intermittent period, loading mode and damage degree are not taken into considerations. These factors should be the focus in later research. 
